The distribution of uranium in surface waters is being studied for use as a technique for exploration because of the urgent need to locate additional uranium deposits, notably in the subsurface. Surface waters carry -dissolved elements from both surface rocks and subsurface rocks, and, although these waters do not provide as' good an evaluation* of subsurface M terrane as ground-water wells, this sampling is definitely a cheaper, faster, and more far-reaching method of exploration.
1 Based on a-talk presented December 10, 1975 , at the U.S. Geological Survey's 1975 Uranium and Thorium Research and Resources Conference 9 Golden, Colorado, and a poster session at the Geological Society of America's annual meeting, November 1975* . . . .
Before the use of uranium in surface waters and stream sediments can be tested as a tool in uranium exploration, methods of sampling need to be established. To achieve this, 16 sampling sites were chosen within Colorado, New Mexico, and Arizona ( fig. 1-in pocket) . These streams drain a broad variety of geologic terranes and represent various major drainage basins. Some of them have known uranium reserves upstream.
Sites were chosen at U.S. Geological Survey gaging stations along each stream. One benefit of this procedure was that the best sampling date could be selected to minimize effects of excess runoff that might dilute the ground-water contribution to the stream (the sought-after tracer of buried deposits), and to measure exact discharge. A water level reading was recorded from each gaging station ( fig. 2 ) at the time of sampling; this information was used to calculate the exact discharge.
An additional benefit, is the availability in the USGS records and the Storet file, of other water parameters, occasionally including numerous trace elements, monitored at these gaging stations on a regular basis.
Data from samples taken at each site were studied for effects of filtration, acidification, and location within the stream channel.
Along with discharge other parameters measured in situ were water temperature, conductivity ( fig. 3) , and pH and Eh ( fig. 4) . Stream sediment samples were also collected with each water sample. These were studied for elemental concentration variations within different size fractions and between different geomorphic locations within the stream channel.
Water Sampling
Water samples were taken using a US DH-48 water sampler ( fig. 5) designed to maximize homogeneity of suspended material as well as water " - Figure 2 . USGS Water Resources Division gaging stations are being used for discharge measurements at each sample site a parameter useful in evaluating the uranium content in streams. Rio Puerco, New Mexico.
-3- Figure 3 . Beckman conductivity meter permits readings to _5% in less than one minute.
Figure A. Orion specific-ion meter used for pH (electrode attached to meter) and Eh (electrode in foreground) field measurements in water sampling for uranium.
-A- (Guy and Norman, 1970) . Depth-integrated samples were acquired by lowering the sampler to the channel bottom at various intervals (see Guy and Norman, 1970, p. 26-30 , for discussion of interval selection) as the geologist waded across the stream ( fig. 6 ). The water collected in the flint-glass sampler bottle was then transferred to the polyethylene collection bottle that had been rinsed with reagent grade nitric acid, diluted to a pH of approximately 2. Rinsing causes some available sites on the container surface to be filled with hydrogen ions, minimizing later loss by uranium ions into these areas.
Analyses of individual samples taken along the bank and midstream of the Jemez River using the sampler were compared to composite samples, which comprised eight separate dips across the channel. There was no apparent difference between the uranium content of the three samples (0.27 yg/£=ppb -composite; 0.26 yg/£ -midstream; 0.22 yg/& -bank). At this location, the Jemez River is a small, very clear, rapidly flowing stream, even along the bank, with a channel width of five meters. Thus, sampling solely by the bank for large turbid streams may not 'be wise, but such a procedure may be assumed, with minimum inhomogeneity, for similar mountain streams.
Method of Filtration
Samples were filtered in the field using the filtration unit shown in figure 7 . Passage of the water through the filter was accelerated by use of a small nitrogen tank. Even for the most turbid water samples, the filtration time for a 1 liter sample is less than 15 minutes.-'-v.' " .A sample of-the sediment-laden water of "the Rio Puer.co was allowed to., settle for two hours and then filtered. This was done in an attempt to determine whether pre-settling could be adopted in order to accelerate -5- The filtration unit, used with a small, lightweight nitrogen tank facilitates rapid filtration through 0.45 um millipore filters. Small glass ampules in the foreground, -prepared in the laboratory, contain sufficient nitric acid to acidify each water sample to a pH less than 1. Figure 6 . Use of a US DH-48 water sampler in the field permits a more complete sampling of the entire channel. Mineral Creek, Col.
-6-filtration of quantitites over 300 ml of murky waters that tend to clog the filter. The answer to this was definitely "No": The sample apparently gained uranium (8 yg/Z for the settled sample compared to 5 yg/Jl for promptly filtered samples). On the other hand, if the Rio Puerco samples are allowed to stand unfiltered for several weeks before analysis, some of the uranium from solution goes back into the suspended material; the unfiltered samples from this site averaged about 6 yg/£.
Millipore filters with a pore diameter of 0.45 \im were used for all samples. In addition, some samples were also filtered through two types of nuclepore filters: (1) with surfactant (0.40 urn), and (2) without surfactant (0.45 ym) . This was done to water samples analyzed for both uranium and twenty trace and major elements.
Method of Analysis
Samples.were analyzed by both the U.S. Geological Survey (USGS), Denver, Colorado, and the Oak Ridge Gaseous Diffusion Laboratory (OR!), Oak Ridge, Tennessee. Both laboratories analyzed the samples for uranium by use of direct and extraction fluorimetry (Barker and others, 1965) with limits of detection down to 0.01 yg/Jl (USGS) and 0.03 yg/Jl (ORL) .
The agreement between the analytical results is excellent (figs. 8-10).
Although the standard analytical method of fluorimetry permit determination of uranium to sufficiently low concentrations, it requires 1-litre samples that are cumbersome to handle and transport in the quantitites involved in a large-scale uranium exploration program. This method of collection also presents problems of container adsorption and loss of uranium on'"trarisfer. These'problems 'can be''eliminated by a'newer analytical'technique"
for uranium, the fission-track technique. This has been adapted to uranium exploration inwater ,_ using a 25 -7- is then lost from the sample upon filtration prior to analysis. Table 1 shows the dissolution of uranium from the suspended material of unfiltered- it might be preferable not to filter. In those circumstances, the entire study area must be treated the same, and the assumption is then made that a proportional quantity of suspended material is carried in each stream. Uranium contents are similar for millipore and nuclepore filters with the exception that filtration through nuclepore with surfactant produces consistently lower uranium results for nuclepore filters without surfactant ( fig. 12 ). This suggests that either the surfactant adsorbs a minor amount of uranium ions or the slightly smaller pore size removed material between 0.40 ym and 0.45 ym that contains a significant amount of uranium.
Though uranium values are similar for both nuclepore without surfactant and millipore, more radium is lost through millipore paper than through nuclepore without surfactant. Some of the trace elements exhibit no differences between millipore and nuclepore, whereas others do. Further study of these trace element trends is planned.
Variations in other Elements with Uranium Concentration
There are fewer elements which correlate with uranium in water than in stream sediments; this is due partly to the lower concentration of most elements in water, frequently below the detection limit, and partly to the dependence of their solubility on' other conditions, such as the presence of anions needed to form soluble complexes. Elements which increase with increasing uranium content in surface water are As, Ca, Al» B.
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Figure'12. Variation between nuclepore'~w'ith surfactant and without and millipore filter papers. Numbers indicate sample site and the line represents points at which there is no difference in uranium concentration between samples filtered through millipore and nuclepore filters. If everything finer than 60 mesh were analyzed, the sample would show a concentration of 9.5 ppm; this is not an unusually high value and would
probably not be considered when isolating possible anomalous values s whereas the 27.8 ppm in the finest fraction would merit further investigation.
Such skewness in grain size distributions of stream sediments toward the coarser fraction is not uncommon (in fact the skewness was more extreme in some of the samples), particularly in moderate to high gradient streams.
Thus, it is strongly recommended that only particle-size fractions less 
Comparison of Water and Stream Sediment Sampling
The correlation between uranium in water and stream sediments is not as good as might be expected ( fig. 14) . In general, the uranium concentration in stream sediments varies less between sample sites than the uranium .concentration in water samples. In some cases a variation of two'orders of magnitude for water results with no difference in the stream sediments, or in some instance anomalous stream-sediment uranium concentrations result with only a correspondingly moderate uranium concentration in water. Cherry
Creek (Site 9) illustrates this latter case, where the sediment shows the highest value for this study and the water only a value close to the median for all the sample sites. The suspended material is also low in uranium, while the <44 pm fraction of the sediments shows the highest uranium concentration. Part of this problem is a reflection of the inhomogeneities in stream sediments and the consequent sampling problem, as is.illustrated bŷ sample site. 4 (fig-.' 14) ., while ..a more.. significant effect /is that of the. hence, all three should be sampled and analyzed.
